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Biologically active sulistance-secreting hybrid gel. 

@ The present inventk>n provides tHologically acMye substance-secreting hybrid get, which consists of a 
biopolymeric gel and cells containing an expressk>n vector with gene encoding biologically : active 
substance and produce the substance. 

According to the present invention, it is possible to develop a gene therapy by skin transplantation 
allowing stable drug medication for a long time ; alleviating pains of the patients; and allowing fine 
adjustment of the dosage and control of genes externally without using retrovimsHderived vector that 
tend to invoke the risk of mutation to wild types as in the conventional prescription. 
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Field of the Invention 

The present invention relates to biologically active substance-secreting hybrid gel. More particularly, the 
present invention relates to a new hybrid gel which secrets biolgically active substance, and is useful as ex- 
ternal-use prescriptions such as artificial skin used in the treatment of various difficult-to-cure diseases re- 
quiring long-term and continuous medication of physiological active substances in order to maintain biological 
functions. 

Prior Art 

Three methods are available to cure diseases which are caused by the loss or decrease in the fuhctions 
of hunoan cells for any reason. Namely, the lost or decreased functions are compensated for by 

1) (ftrug medication, 

2) transplantation of organs, tissues or cells, or 

3) gene therapy ' 

Insulin dependent diabetes mellitus, for example, are caused by the destruction of the p -cells which pro- 
duce insulin having the function of adjusting the blood sugar level in the niegative direction and which occur 
in the islets of Langerhans of the pancreas. Patients of the insulin dependent diabetes meilitus have a high 
blood sugar level, and as a result, the concentration of sugar in their urine increases^ When the blood sugar 
lievel remains high, the functions of various human cells are danriaged, causing serious cdmplications. . 

It is thus necessary to externally dispense insulin and control the blood sugar level in order to cure the 
insulin dependieht:diat>etes meliltus' patients. Insulin dependent diabetics must have. insulin dosed several 
times every day'for life. This is a serious physical and mental agony to the patient, and in addition, self- 
medicatioh always involvie risk of life t>ecause of possible mis-dispensing. 

One of alternative methods to selfrmedica^^^ of insulin is transplantation of the pancreas or the islets of 
Langerhans (K. Ktitx^ta and Y. Idezuki, Nippon iJi^insho: in Japanese, 48:1052, 1 990). However; this treatment 
has a number jof problems/such as, for example, few donors, difficulty, of control! ihg immunorejection caused 
by the trahsplahted (>a^^^ tissues; complicated surgical operatidns for transplantation requiring tech- 

nk)u^$ of a high lievel, and hazsu'ds inVplyed in the operation. 

Gene therapy is one of the most exciting medical technique to solve the aboye problems, and various gene 
therapeis are dihically'^st^ f& treating^^p deseases in the United States and other countries 

in the 1990s (N. M. Summers, Biotechnology 12:42, 1994). A method of treating diabetes based on the above 
technique has been proposed (R. F. Selden et al. The New England Journal of Medicine, 3.17(17): 1067, 1987). 
in this particular method, insulin gene is introduced into culture cells, and the cells are 

transplanted to the body of the patient in order to assure continuous secretion of insulin produced by the in- 
troduced gene. This method has a number of problems such as, for exanriple. difficulty of controlling secretion 
of insulin from the. transplanted insulin producing cells and inability of removing the transplanted cells later 
^from the body^ it is generaliy known that th^ gene therapy is a promisingand advanced' medical technique for 
not only insulin dependent diabetes meilitus and genetic diseases such as serious immune deficiency diseases 
but also cancer. AIDS, and other hard-to-cure diseases. For this reason, many approaches have been proposed 
and the gene therapy is actually conducted in practical clinical cases. Most of these gene therapy use retro- 
yirus-derived vectors to introduce genes to the cells utilizing cell infection of the virus. 

This technique to use retrovirus-derived vectors has the defect that the effectiveness of gene introduction 
depends on ttie aff imty of the Vii^us with dells, and there is a^ that the deactivated virus vectors trans- 

form into wild retrovirusesMn additiohvcbhventiorial gene therapy generially have a prbt>lem of difficulty of icon- 
trolling the introduced genes externally. 

Summary of the Invention 

The present invention intends to provide a new art of transplanting cells containing a gene which code bio- 
logically active substance into the skin arid controlling the exprssion of the gene externally. More specifically, 
the present invention intends to solve the prptHems of the prior art by transplanting biologically active sub- 
stance-producing cells to the skiri of a human body as hybrid gel (cell-incorporating gel). 

The present invention provides biologically active substance-secreting hybrid gel, which consists of biibg- 
ically active substance-producing cells and biopolymeric gel. ^ 

. In the case of said hybrid gel, a pw^eferable embodiment is that the biologically active substance-producing 
cells are endosied in or laminated on the biopolymeric gel, or laminated on the biopolymeric gel enclosing the 
biologically active substance-producing cells. 
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The present invention also proides biologically active substance-secreting hybrid gel, which consists of 
biologically active substance-producing ceils, animal skin cells and biopolymeric get. 

In the case of said hybrid gel. a preferable embodiment is that the aninrta! skin cells are laminated on the 
biopolymeric gel enclosing the biologically active substance-producing cells; the biologically active substance- 
5 produing cells are lainated on the biopolmeric gel enclosing the animal skin cells; the animal skin cells and the 
biologically active substance-producing cells are laminated on the biopolymeric gel; or the animal iskin cells or 
the biologically active substance-produiping cells aire laminated on the biopolymeric gel endbsing the animal 
skin ceils and the biologically active substance-producing cellsl 

Furthermore, in the case of the k>iologically active sul)stance-producing cells being enclosed in the btopo- 
10 lymeric gel, said cells are enclosed together with meshy material or porous memrane. 

In the present invention, moreover, the biologically active ubstance-producing ells may be skin cells (I.e., 
skin fibroblasts or skin eoidermal c1 Is) which contains an expresskin vector recpnibnant with a DNA sequence 
encoding the biologically active substance such as insulin. And. said expresson vector may be plasmid vector 
pBMG-neo-ins possessing insulin cDNAand neomycin resistance gene, or plasmid vector pRIS-prbins-lfur- 
15 ilf ur-BI CD which possesses mutant insulin gene expressing stable insulin by the action of f urin. 

According to the present invention, it will be possible to develop a gene therapy by skin transplantation 
■ allowing stat)le drug medication for a long time ; alleviating pains of the patients; and allowing fine adjustment / 
of the dosage and control of gene externally without using retroviirus-derived vectors that tend to invoke the 
' >isk of mutation to wild types as in the conventional techniqu^^ 

Detailed Description of the Invention 

The cells of being enclosed in. or laminated on the bioolymeric gel of the present inve^ntion produce a bio- 
, logically active substance necessary for or deficient in the body, and thie substance Is continually secreted into 
25 the tx>dy. The production of biologically active substance Is increased when meshy material or porous mem- 
b^ce. etc. are enclosed in the get together with^the biologically active substance producing cells. Thus the 
hybrid gel of the present invention can be effectively used as, for example, an external-use prescription such 
as artificial skin. The gene expressing biologically active substance is introduced to the cells by. for example, 
plasmid vector, and thus, unlike conventional gene therapy, no risk of conversion into wild retroviruses owing 
30 to the retrovirus-derived vectors is involved. In add ition, the introduced gene can be easily controlled externally 
because the gene-containing cells are transplanted to the skin. 
The following functions are available in concrete: 

1) After transplantation, the biologically active subustance is dispensed ifor a long time s;tat)ly without the 
knowing of the patient. This dramatically reduces the physical and mental agony of the patient subject to 

35 repeated medtcatibh in the conventional treatment 

2) A very simple surgery is used to transplant or rennove the hybrid gel of the present invention from the 
skin. For this reason, the quantity of artificial skin to be transplanted can be adjusted at any time freely 

: i.--;^- ■ : - while watching the process oonditioh of the treatment- It is thus easy to determine optimum conditions for 
treatment 

40 3) The rate of substance secretion from the cells in or on the gel can be controlled by means of inducible 

. : • . promotrs to drive a DNA sequence encoding a bioloc|k:aily active substance! and various induction stimuli 

(hormones, heavy metals, temperature, etc.) applied to the transplanted artificial skin. This allows fine ad- 
justment of the substance secretion rate. 

4) The transplanted cells are enclosed in or on the gel and thus are hardly affected by immuhorejection 
45 of the patient. It is thus possible to decrease the quantity of immunosuppressants generally used in the 

transplantation of tissues in the conventional technique. The risk of side effects owing to the use of im- 
munosuppressants is thus greatly reduced. Of course there is no problem of immunorejection if the cells 
of the patient himself are used in the gene therapy because such is a self-transplantation. 
. 1 . . 5) Simple operation without the need of the patients hospitalization is safe and free from the risk incurred 
' 50 in conventional treatment Because this is ^thb transplantatk>n to the skin, the condition of transplantation 

is visible externally at all times. The transplanted airtificial skiri can be removed when necessary. 
Various biologically active substance-producing cells can be used in the present invention for incorporating 
expression vector with gene therefor in the cells. For example, insulin-producing cells can be prepared by trans- 
fecting plasmid vector pBMG-neo-ins possessing cDNA of insulin and neomycin resistance gene (selection 
55 marker) to animal cells using a known method. Another method is to transfect plasmid vector pRIS-proins-lfur- 
llfur-B10D into animal cells. This plasmid vector contains mutant insulin gene that convert proinsulin expressed 
firom the gene into insulin by the action of furin and by the substitution of the 10th amino acid in the insulin 
chain B. 

3 
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The gel to accommodate the biologically active substance-producing cells may be preparect f rem, for ex- 
ample» collagen, fibrin, agalose, etc. by using known rhethods. For example, the hybrid gel. containing cells 
>A^ith insulin genes therein may be prepared and used as artificial skin for curing diabetics in the following man- 
ner: 

(1) Pieces of skin of experimental aninial are collected. Epidermal cells and f ibroblasts, two major con- 
stituent cells of skin, are separated from skin and cultured. 

(2) Expression vector containing insulin gene is ti'arisdced into these cells to derive insyin-secreting cell 
lines. 

(3) Hybrid type artificial skin with the insulin-secreting fuhctfon is constructed from these cell lines using 
collagen gels, etc. 

(4) The insulin-secreting hybrid type artificial skin is transplanted 

To be more specific, the hybrid gel secreting biologically active substance of the present invention can be 
ifnaniifactured in accordance with the method of Asaga et al (H. Assiga et a|. Experimental Cell Research, 193: 
167, 1991) as follows: 

Quadruple concentrated medium of cell culture, serum, purified water, and, for example, collagen (0.5% 
solution) are mixed in the ratio of 2.5:1 :2.5:4 according to the required quantity while cootirig the mixture with 
ice. The aqueous solution of 1 N sbdium hydroxide i^ drip-mixed in the mixture to adjust to pH 7.4. the mixture 
is separately injected into hydrophobic plastic laboratory dishes of 35 mm in diameter, 2 ml in each dish. The 
dishes are immediately transferred to a 37^*0 thermostat The collagen solidifies in several minuties to produce 
gel. Biologically active substance-producing cells are mixed into the aboye mixture just before collagen soli- 
difies in order to enclose the cells in the gel. 

To allow meshy material or porous membrane to coexiist in the gel, one needs only to mix these in the above 
sblution together with the biologk:atly actiye substance-producing cells. 

Comriiercially available culture solutions, serum and collagen can foe used in the present invention. 

It is effective to give an appropriate strength to the collagen gels to facilitate trans plantation of tbe product 
to the skin. An appropriate strength can be given to the gel by, for example, mixing an appropriate number of 
skin-derived fibroblasts according to the method of Bell etal (E. Bell et al. Proceedings of the Natidhai Academy 
of Sciences. 76(3): 1274, 1979). An appropriate strength cain be given to the gel as a result of contraction of 
the gel owing to the fibroblasts. Skin-derived fibroblasts can be obtained, for example, by culturing a small 
portion of skin collected from the patient accprding to the primary explant technique (R.L Freshrey, Culture of 
Animal Cells, Alan R. Uss, Inc., New York, 1987). 

It is also effective to make the gel surface active to ensure good attachment to the skin by overlaying by 
culture skin-derived epidermal cells on the gel before they are transplanted to the skin. 

Skin-derived epidermal cells to be overlaid on the gel may be obtained by culturing epidermal cells ob- 
tained from the skin of the patient himself in the same way as described for the fibroblasts using the misthod 
of, for exarnple. Green et al (H. Green et al. Proceedings of the National Academy of Sciences 76:'5665. 1978). 

. It goes without saying that the present Jnvention is effective also when the gel is transplanted subcutane- 
dusly without'oveiriaying epidermal cells. 

Practically, many forms aire available. 

Examples 

Examples are. shown t>elow to further describe the present invention in detail. These examples should not 
be construed as limiting. 

Example 1 

Hybrid gel (or simply Gel hereafter) of the present invention were prepared to evaluate the method of med- 
ication and their application to the treatment of diabetics by conducting in-vitro experiment and in-vivp experi- 
ment with model animals of diabetic as described below. 

in-vitro Experiment 

Gel containing proinsul in- producing cells were cultured, and proinsulins secreted into the culture medium 
were measured. 
1) Materials 

Three types of skin-derived cell lines were used. 

(1) Mouse embryo fibroblasts (NIH3T3) ) 
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(S) Biologically active substancersecreting hybrid gel. 

The present invention provkjes biologically active substance-secreting hybrid gel, whic^^ a 
biopolymeric gel and cells containing, an expression vector with gene encoding biologically acth^e 
substance and produce the substance. 

According to the present invention, it is possible to develop a igene therapy by skin transplantation 
allowing stable drug medication for a long time; alleviating, pains of the patients; and allowing fine 
adjustment of the dosage and control of genes externally without using retrpvinjs-denved vector that 
tend to invoke the risk of mutation to wild types as in the conventional prescription; 
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' Field of thelnVentlon . ' 

the present invention relat^ to biblogicsilly active substance-secreting hybrid gel. More particularly, the 
present Invention relates to a new hybrid gel which secrets blolgically active substance, and is useful as ex- 
5 ternal-use prescriptions such as artificial skin used in the treatment of various dif f icult-to-cure diseases re- 
quiring long-term and continuous medication of physiological active substances in order to maintain biological 
functions. 

}Pn6rArt \ i 

,10 . .'.■'■■'*.■- 

Three methods are available to cure diseases which are caused by the loss or decrease in the f uncHons 
of human cells for any reason. Namely, the lost or decreased functions are compensated for by 

1) drug medication, 

2) transplantation of organs, tissues or cells, or 
is 3) gene therapy 

Insulin dependent diabetes mellitus, for example, are caused by the destruction of the p rceils which pro- 
duce insulin' having the function of adjusting the blood sugar level in the negative direction and which occur 
in the islets of Lahgerhans of the pancreas. Patients of the insulin dependent diabetes mellitus have a high 
blood sugar level, and as a r^uit, the concentration of sugar in their urine Increasjes. Vyhen the- biwd sugar 

20 level remains; high, the functions of various human cells are damaged. c» 

It Is thus necessary to externally dispense insulin and control the blood sugar level in order to cure the 
Insulin dependent diabetes mellitus pSitients. Insulin dependent diabetics must have insulin dosed several 
times every day for life: This is a serious physical and mental agony to the patient, and imaddltion, self- 
medicaUdh always involve risk of life because.o 

25 One, of alternative nnethodS ix^^^^ of insulin.is transplantation of the pancreas or. the IsJets of 

Langerhans (k. Kubota and Y. idezuki, Nippon Rinsho: in Japanese, 48;1 052, 1990). However^ thfe treiatment 
has a number of problems, such as. for exampieffe^ donors, dif ficulty of controlling imnfiuhorejeictto^ caused 
by the transplanted pancre surgical operations fortrainsplaritation requiring tech^ 

niques of a high level, and hazards iny ply ed in the operation. • = 

30 Gene therapy is one of the mdst exciting medical technique to solve the above problems, and various gene 

therapeis are diriically lBSti^d for treating padeh^ of serious deseases in the United States and other countries 
' in the 1990s (N. M. Summers, Biotechnology 12:42, 1994). A method of treating diabetes based on the above 
technique has been proposed (R. F. Selden et al. The New England Journal of Medicine, 317(1 7): 1 067, 1 987). 
In this particular rnethod, insulin gene is introduced into culture cells, and the ce^ 

3S tran^lanted to the body of the patient in order to assure continuous secretion of ihsulln pipduced by the in- 
troduced gene. This method has a number of problen)s such as, for example, difficulty of contrdlling secretion 
of insulin from the transplanted insulin producing cells and inability of removing the transplanted cells later 
from the body. |t.is generally known that the gene therapy Is a promising and advia need medical technique for 
- notonly insulin dependent diabetes mellitus and genetic diseases s^ 

40 but also cancer, AIDS, and other hard-to-cure diseases. For this reason, nnany approaches have been proposed 
and the gene therapy is actually conducted in practical clinical cases. Most of these genelherapy use retro- 
virus-derived vectors to introduce genes to the cells utilizing celNnfection of the v 

This technique to use retrovirus-derived vectors has the defect that the effectiveness of gene introduction - 
depends ori the affinity of the yi^^^^ with ceHs, and there is a possibility that the deactivated virus vectors trans- 

45 form into wild retrbvimses: In adciition. ranvehtiprial gene therapy generally have a problem of difficulty of con- 
, trolling the Introduced genes externally. ■ 

Summary of the Invention 

so The present invention intends to provide a new art of transplanting cells containing a gene which code bio- 

logically active substance into the skin and controlling the exprssion of the gene externally. More specifically, 
the present invention intends to solve the problems of the prior art by transplanting biologically active sub- 
stance-producing cells to the skin of a human body as hybrid gel (cell-incorporating gel). 

The present invention provides biologically active substancorsecreting hybrid gel, which consists of blldg- 
55 ically active substance^produclng cells and blopolymeric get. 

In the case of said hybrid gel, a preferable embodiment is that the.biologically active substance-producing 
cells are endosed in or lanfiinated on the biopolymeric gel, or laminated on the blopolymeric gel enclosing the 
biologically active substance-producing cells. 

. 2 
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The present invention also proides biologically active substance-secreting hybrid gel. which consists of 
biologically active substance-producing cells, animal skin cells and biopolyn^eric geL 

in the case of said hybrid gel, a preferable embodiment is that the animal skin cells are laminated on the 
• biopolyrheric gel enclosing the biologically active substance-producing cells; the biologically active substance- 
5 produing cells are lainated on the biopolmeric gel enclosing the animal skin cells; the animal skin cells and the 
biologically active substance-producing cells are laminated on the biopolymeric gel; or the animal skin cells or 
the biologically active substance- producing cells are laminated on the biopolymeric gel enclosing the animal 
skin cells and the biologically active substance-producing cells. 

Furthermore, In the case of the biologically active substance- producing cells being enclosed in the blppo- 
10 lymeric gel, said cells are enclosed together with meshy material or porous memrane. 

In the present tnventipn, moreover, the biologically actrve ubstance-prodMcing dis may be skin cells (i.e., 
skin fibroblasts oirskin eoidermal.cHs) which contains an expression vector recombnant with a DNA sequence 
encoding the biologicajly active substance such as Insulin. And, said expresson vector may be piasmid vector 
pBMG-neo-ins possessing insulin cbNA an3 neomycin resistance gene, or pla^mid vector pRIS-proins-lf ur- 
15 llfur-B10D which possesses mutant insulin gene expressing stable Insulin by the action of furin. 

According to the present invention, it will be possible to develop a gene therapy by skin transplantation 
allowing stable drug m^ication for a long time ; alleviating pains of the patients; and allowing fine adjustment 
of the dosage and control of gene externally without using retrovirus-derived vectors that tend to invoke the 
risk of mutation to vyilditypes as in the conventional technique, is provided, 

Detailed Description of the Invention 

The cells of being enclosed in or laminated on the bioolymeric gel of the present invention produce a bio- 
logically active substance necessary for or deficient in the body, and the substance is continually secreted into 

25 the txDdy. The production of biologically active substance is increased when meshy maierial or porous mem- 
brace, etc. are enclosed in the gel tbgether:yfith,.t^^^ biologically active substance producing cells. Thus the 
hybrid gel of the present invention can be effeSively use^^ as, for example, an external- use prescription such 
as artificial skin. The gene expressing brologically active substance is introduced to the cells by, for example, 
piasmid vector, and thus, unlike conventional gene therapy, no risk of conversion into wild retroviruses owing 

30 to the retrovirus-derived vectors is involved. In addition, the introduced gene can be easily controlled externally 
because the gene-containing cells are transplanted to the skin. 
The following functions are available in concrete: 

1) After transplantation, the biologically active subustance is dispensed for a long time stat)ly without the 
knowing of the patient. This dramatically reduces the physical and mental agony of the patient subject to 

35 repeated medication in the conventional treatment . 

2) A very simple surgery is used to transplant or remove thef hybrid .gel of the present invention from the 
skin. For this reaison. the quantity of artif icial skin to be transplanted can be adjusted at any time freely 
whiie watching the process condition of the treatment. It is thus easy to determine pondition^ for 

treatment 

40 3) The rate of substance secretion from the cells In or on the gel can be controlled by means of inducible 

promotrs to drive a DNA sequence encoding a biologically active substance and various induction stimuli 
(hormones, heavy metals, temperature, etc.) applied to the transplanted artificial skin. This allows fine ad- 
justment of the substance secretion rate. 

4) The transplanted cells are enclosed in or on the gel and thus are hardly affected by immunprejection 
45 of the patient. It is thus possible to decrease the quantity of immunosuppressants generally used in the 

transplantation of tissues in the conventk>nal technique. The risk of side effects owing to the use of im- 
munosuppressants is thus greatly reduced. Of course there is no problem of immuhorejection if the cells 
of the patient himself are used in the gene therapy because such is a self-transplantatipn. 

5) Simple operation without the need of the patients hospitalization is safe and free from the risk ihcunred 
50 in conventional treatment Because this is the transplantation to the skin, the condition of transplantation 

is visible externally at all times, The transplanted artificial skin can be removed when necessary. 
Various biologically active substance-producing cells can be used in the present invention for incorporating 
expression vector with gene therefor in the cells. For example, insulin-producing cells can be prepared by trans- 
fecting plasrnid vector pBMG-neo-ins possessing cDNA of insulin and neomycin resistance gene (selection 
55 marker) to animal cells using a known method. Another method is to transfect plas^mid vector pRIS-proins-lfur- 
llfur-BIOD into animal cells. This piasmid vector contains mutant insulin gene that conveirt proinsulin expressed 
from the gene into insulin by the action of furin and by the substitution of the 10th amino acid in the insulin 
chain B. 

3 
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The igel to accommodate the biologically active substance-prodiicing cells may be prepared from, for ex- 
ainple, collagen, fibrin, agalose, etc. by using known methods. For example, the hybrid gel containing cells 
with insulin genes therein may be prepared and used as airtif icial skin for curing diabetics in the following man- 
ner: 

5 (1) Pieces of skin of experimental animal are collected. Epidermal cells and fibroblasts, t wbmajor. con- 

stituent cells of skin, aire separated from skin and cultured. 

(2) Expression vector contaihing insulin gene Is transdced into these cells to derive insulin-secreting cell 
lines. . . ' 

(3) Hybrid type artificial skin with the insulin-secreting function is constructed from these cell lines using 
10 collagen gels, etc. 

(4) The insulin-secreting hybrid type artificial skin is transplanted. 

To be mbre specific, the hybrid get sedretihg biologically active substance of the present invention can be 
manu^ctured in accordance with the method of Asaga et al (H. Asaga et al, Expeiimentai Cell Reseairch, 1 93: 
167, 1991) as follows: 

15 Quadruple concentrated medium of ceil culture, serum, purified water, and, for example, collagen (6.5%. 

solution) are mixed in the ratio of 215:1:2.5:4 according to the required quantity While cobjing the mixture with 
ice. The aqueous solution of 1 N sodium hydroxide is drif>-nriixed in the mixture to adjust to pH 7.4. The mixture 
is separately injected into hydrophobic ptasticiat>pratory dishes of 35 mm in diameter, 2 ml in each dish. The 
dishes are immediately transferred to a 37''G thermostat, the collagen solidifies in several Vhinutes to produce 
20 gel. Biologically active substance-producing cells are mbced Into the above mbcture just before collagen soli- 
difies in order, to enclose the cells in the gel. 

To allow meshy material or pordiis membrane to coexist in the gel, one needs only to mix these in the at>ove 
solution together with the biologically active substance-producing cells. 

Commercially available culture solutions, serum and collagen can be usied in the present invention. 
25 It is effective to give an appropriate strength to the collagen gels to facilitate transplantation of the product 

to the skin. An appropriate strength can be giveh to the gel by, for example, mixing an appropriate number of 
skin-derived fibroblasts according tb the methdd of Belt et al (E. Bell et at. Proceedings of the Nationial Academy 
of Sciences, 76(3): 1274', 1979).. An appropriate strength can be given to the gel as a result of contraction of 
the gel owing to the fibroblasts. Skin-derived fibroblasts tan be obtained, for example, by culturing a small 
30 pibrtion of skin collected from the patient accoirding tb the prinrmry explant technique! (R.I. Freslhrey, Culture of 
Animal Cells, Alan R. Liss, Inc.. New York, 1987)^ 

It is also effective to make the gel surface active to ensure good attachrnent to the skin by overlaying by 
culture skin-derived epidermal celisi on the gel before they are transplanted to the skin. 

Skin-derived epidermal cells to be overlaid on the gel may be obtained by culturing epidermal cells ob- 
35 tained from the skin of the patient himself in the sarihe way as described for the fibroblasts using the method 
of, for example. Green ^t al (H. Gre^n et al. Proceedings of the Nationsil Acadehny of Sciences 76: 5665, .1 978). 
It goes without saying that the pr^sient'ihveritibn is effective also'wheh the gel is transplanted subcutane- 
- ously without overlaying epidehnal c^lls. 
Practically, many forms are available. 

. Examples 

Examples are shown below to further describe the present invention in detail. These examples should not 
be construed as limiting. ^ . ? 

45 

Example 1 

Hybrid gel (or simply Gel hereafter) of the present invention were prepared to evaluate the method of med- 
ication and their application to the treatment of diabetics by conducting in-vitro experiment and in-vivo experi- 
50 ment with model animals of diabetic as described below. 

In-vitiro Experiment • 

Gel containing proinsul in-producing cells were cultured, and proinsuiins secreted into the culture medium 
55 were, measured. 

1) Materials 

Three types of skin-derived ceil lines were used. 
(1 ) Mouse embryo fibroblasts (NIH3T3) 

* 4 



067SM02A2 I > 



EP 0 679 402 A2 

(2) Rat skin fibroblasts containing insulin gene (RSFins) 

(3) Rat skin epidermal cells containing insulin gene (RSKins). 

RSFins and RSKins were prepared transduction of insulin gene (G. 1. Bell et al. Nature, 284 
{6):26, ;1980) into fibroblasts (RSF) and epidermal cells (RFK). respectively, which were obtained from 

5 the primary culture of rat skin. Insulin gene was transfected into the fibroblasts and epidermal cells using 

plasmid vector pBMG-neo-ins which possesses human insulin cDNA{Y. Kawakami et al. Diabetes 41: 956, 
1992) according to the method of Chen and Okayama (C. Chen and H. Okayama, Molecular and Cellular 
Biology 7(8); 2745. 1987). The vector-containing cells were then selectively increased in culture media of 
G418 of 400 ng/ml concentration. 

10 These cells had no processing enzymes to insulin and thus secreted proinsulin, precursor of insulin. 

It should be noted that proinsulin also have the functions of insulin (S.N. Davis et aL, Journal of Clinical 
Endocrinogy and Metabolism, 75 (5): 1282-1288, 1992). 

2) Culture medium 

The culture medium for RSFins consisted of Dulbecco's modified Eagle's medium (Gibco, Grand Is- 
15 land. NY), to which fetal bovine serum (HyOone, Logan. Utah) was added to the ratio of 10% (medium A). 

The culture medium for RSKins consisted of a 7:3 mixture of Dulbecco's modified Eagle's medium 
and MCDB152 medium (Kyokuto. Tokyo), to which hydrocortisone (0.4 ^g/ml), insulin (5|ig/ml). transferrin 
(5 ng/ml), triiodothyronine (2 nM). cholera toxin (0,1 nM), adenine (100 ^M) and fetal bovine serum (10%) 
were added (medium B). 

20 The cells weire endosied in and/or laminated on the gel. The resultant hybrid gel Were cultured in me- 

dium A. . 

3) Procedures . ' . ' ' 

5 X 10^ cells of RSFins each were enclosed in the gel and laminated on another gel to prepare Gels 
A and B, respectively. Gels C and D were further prepared by placing 5 x 1 0^ cells of RSKins each in and 

25 on the gels, respectively. NIH3T3 cells of the same number were enclosed in Gels C and D to give con- 

tractive f undion.The structure of these Gejs is summarized in Table 1 . These cells were cultured at 37**C. 
One day after the preparation, 2 ml culture rhedium was added to continue culture. Therieafter. the culture 
medium was replaced with new one every other day. The retrieved culture medium was frozen for storage, 
melted when necessary, and meastjred for proinsulin concentration in the culture medium. Proinsulin con- 

30 centration was measured as a value of immunoreactive insulin (IRI) using th^.EIAktt (Sariko Junyaku, To- 

kyo). 



Table 1 



Gel 


Cells in the gel 


Cells Oil the gel 


Gel A 


RSFins (N=5x105) 


None 


GeJ B 


None 


RSFins (N=6x 105) 


GeIC 


RSKins (N=5x105) 
NIH3T3 (N=5x10«) 


None 


Gel D 


NIH3T3 (N=5>c105) 


RSKins (N=5x105) 



4) Results 

The results of this experirnent are shown in Table 2. Both of the cell lines enclosed in and laminated 
on the gel secreted a stable quantity of proinsulins into the culture medium for 25 culture days. It is thus 
possible to delivervproinsulins into the l>ody when these Gels are transplanted to the skin. 
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Table 2 



10 



15 



Secretion of proinsulins frdm Gels to culture medium 

{|iU/ml/day) 



Gel 



Gel A 



GelB 



GeIC 



Get D 



Days of culture 



» • • 

4 days 1 8 days i 14 days j 24 days 



252 



239 



201 



210 



248 



340 



1399 



1255 



350 



1325 



4- 



215 



340 



1363 



;212 



340 



328 
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In- vivo Experiment 1 

Proinsulin producing cell-endosed hybrid gels were transplanted to model diabetic amfirials to evaluate the . 
curing effects by measuring blood sugar level. 

1) Experiment animals 

. . 200 mg/kg streptozotocin (Sigma. St Louis. Mo) was intra-peritoneally administered to the Bal b/c 
nude mice (5-weeks old, male) at three times in four days to induce the diabetic condition. The mice were 
used for experiments when they were 7 weeks old. 

2) Materials . " 

Three types. of . rat skin-derived cell lines were used. 

(1) RSF 

(2) RSFIns 

(3) RSKins 

3) Method for preparing Gels 

5x10^ cells of RSFins were enclosed in collagen gel and RSKins cells of the same number were lam- 
inated on the surface of said gel to prerare Gel E. 5 x 10^ cells of RSF were enclosed in collagen gel and 
RSKins cells of the same number were laminated on the surface of said gel to prerare Gel F. The structure 
of these Gels is summarized in Table 3. These cells were cultured for six days at 37^C and then used for 
transplantation. Gels E and F produced proinsulins 484 and 404 \i lU/day/ respectively. 

Table 3 



40 



4 

Gel 


Cells in the Gel 


Cells on the gel 


Gel E 


RSFins (N=5x105) 


RSKins (N=5x105) 


Gel F 


RSF (N=5x105) 


RSKins (N=5x105) 



45 



50 



55 



3) Procedures 

The skin of two of the above model diabetic animals was cut away in the area of approximately 25 
and 200 mm square, respectively, and Gels E and F. cultured for six days after preparation, were cut and 
transplanted for the full naked area (cut Gel weight was 24 and 191 mg by wet yveight,:respectively). After 
transplantation, about 20 ^1 blood was collected from the tail of the animals (ID Nos. 3 and 4) every Other 
day to measure the blood sugar level. Two non-transplanted diabetic animals (ID Nos. 1 and 2) were used 
for control. The blood sugar level was measured using glucose Cit test (Wako Pure Chemical Industry. 
Osaka). 

4) Results 

The results of this experiment.are shown in Table 4. The control, animals show a continuous rise in 
the blood sugar level while such a rise in the blood sugar level is suppressed and a tendency' of decreasing 
blood sugar level is indicated in the Gel-transplanted animals. 
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Taib.l.e.. 4 ' : ••. ■ 7 /■ 

Effect of Gel trenspla-ntation to diabetic mouse 



Blood sugar Icyel (ms/dl ) 



T 
I 
I 

I group 
I 

h-^ 

f Control 
I 
I 



I 

I r 

1 Before I 
IdoBing SlZl 
+— • — ^ 



After dosing STZ 



I \Z hours ilOth day after 15th day 

lib No. Ibefore Idosing STZ (1 ^af^er gel 
I i dosing SlZ\dBy before gel I trans- 

I f I transplantation) I plantation 

1 ' • 1-—- r- 



4- 
I 

+■ 
I 



108 



360 



I 557 



113 



415 



I 511 



I 1 

I Gel trans- I 3 

Iflented F 

igrou^ I 4 



90 



489 



I 437 



88 



392 



I 331 



NotQ: STZ = Streptozotocin 



In-vivo Experiment 2 

Proinsulin producing cell-enclosed hybrid gels were transplanted to model diabetic animals to evaluate the 
curing effects by measuring blood sugar lebel and body weight of the animals. 

1) Experimental animals 

200 mg/kg of streptozotocin (Sigma) was intraperitoneally administered to the Bulb/c nude mice (7- 
weeks old, male) at each two days to induce the diabetic condition. The transplantation of hybrid gel was 
conducted after two days of the administration of streptozotocin. 

2) Materials 

Three types of rat skin-derived cell lines were used. 
<1)RSF 

<2) RSFins ; 
(3)RSK 

3) Method for preparing Gels . 

1 0« cells of RSFins were enclosed in collagen gel and RSK cells of the same number were laminated 
on the surface of said gel to prepare Gel M. 10« cells of RSK were enclosed in collagen gel and RSFins 
cells of the same number were laminated on said gel to prepare Gel N. The structure of these Gels is sum^ 
marized in Table 5. These cells were cultured for 7 days at 37°C and then used for transplantatton. Gels 
M and N produced. proinsi in 300.8 and I.S^i ID/hour, respectively. 

Tables 



Gel 


Cells in the gel 


Cells on the gel 


Gel M 


RSFins (N= 106) 


RSK (N=.10«) 


Gel N 


RSF (N=106) 


RSK (N=106) 



4) Procedures 

The skin at right side, abdomen of three animals was cut away in the form of a circle of 8-1 Onrim diam- 
eter, and Gel M. cultured for 7 days after preparation .was transplanted for the naked area. After tranplan- 
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tation, about 5 ^1 blood was collected from the t^il of the animal every other day to measure the trfood 
sugar level. The txxJy weight of the anihials wWe also measured evry other day. Remaining three animals 
to which Gel N was transplanted in a same manner were used for control. The bipod sugar level was measr 
ured using Gultest-E (Sahwa Chiemical lnstitute;- Ndgpya, Jaipan)^- 
5) Results 

The results of this experiment were shown in Table 6. The Gel N-transplanted animals show a con- 
tinuous rise in the blood sugar level white such a rise in level is suppressd in the Gel M-transplanted group. 
The Gel M group showed an inhibitbry effect on decrease of body weight as shown in the Gel N group in 
a course of experiinenL 
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Example 2 

Another form of hybrid gel of the present invention was prepared and the effects were evaluated using in 
vitro experiment and in-vivo experiment on diabetic-model animals as described below. 

•■'/•■•/ 

in>vitro Experiment 1 

This experment was performed by culturing the hybrid gel containing insulin-producing cells, to which mu 
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tant insulin gene encoding proinsulin susceptible to furin was introduced, and measured levels of IRI secreted 
into, the culture medium. 
1) Materials 

Two types of skin-derived cell Jines were used. 
5 (1) Rat skin fibroblasts with mutant insulin gene being convertible with furin (RSFinsfur). 

(2)RSK 

RSFinsfur were prepared by introducing mutant insulin gene (D. J. Groskreutz et al. The Journal of 
Biological Chemistry. 269 (8), 6241 , 1994), capable of processing by furin (insulins occur when the proin- 
sulin chains are cleaved as two portions), to the f it>roblasts (RSF) obtained from rat skin by primary culture. 
10 The gene was transducted into RSF using plasmid expressiom vectors pRIS-proins-lf ur-l If ur-BIOD which 

cpntained the above-mentioned mutant Bisulin gene, according to the same method descrit>ed in Example 
1 . The vector-transducted cells were then selectively increased in culture medium corKaining G41 8 of 600 
^g/ml concentration. 

Thirty-two clones were isolated from these cells and the clone of the highest IRI yialue were selected. 
15 this clone (RSFinsfur) secreted 24.5 |i lU/hour IRI per 10® cells in the culture medium. 

These cells simultaneously expressed processing enzyme, furin for conversion of insulin, and thus 
proinsulin, precursor of Insulin, was converted into insulin depending on the furin activity of the ceils. 

The RSFinsfur cells were immunohistologically studied using anti-furin nfK>noclonal antit>ody (Gen- 
entech, South San Francisco,CA).and anti-insulin rabbit serum (Austral Biological, San Ramon, CA). The 
20 . results are shown in Tat>le 7. It was conf irmied immunohistologically that these cells produce insulins and 
furin. 
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Table 7 



Type of Antibody 


Result of staining 


Anti-furin rrK>nodortal aHiili^y 


Positive . 


Anti-insulin rabbit serum 


Positive 
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2) Culture medium 

Culture media A and B used in Example 1 were used for RSFinsfur and RSK, respectively. Culture 
medium A was used after the cells were enclosed in and lanimated on the gel. 

3) Procedures 

Gel G was prepared by enclosing 3 x 10^ cells of RSFinsfur in the gel which was then laminated RSK 
cells of the same number. The structure of Gel G is summarized in Table 8. Gel G was c^ltured at ZT^'O 
in a 6 ml culture medium. The culture medium was replaced with new one every other day. The Gel on 
the 8th day of culture was rinsed with culture medium three times, and the culture niedlum was replaced 
..with new one.The Gel-was further cultured:f or 8 hours^ThelRt value of the culture was measured 

with the insulin EIA. 

Tables 



45 



Gel 


Cells in the gel 


Cells on the gel 


GelG 


RSFinsfur (N=3x10S) 


rs;k(n=3x106> \ 



50 



4) Resultis 

The results of this experiment confirmed that Gel G secreted 25.2 p. lU IRI in eight hours. The Gel G 
secretes stable insulin for many hours^ and thus, insulin. can be delivered into.the body when the Gel is 
transplanted to the skin. 



In-vitro Experiment 2 

This experiment was performed to exanniine a method to increase secretion of insulin from the hybrid get 
55. containing insulin-producing cells, to which mutant insulin gene encoding proinsulin susceptible to furiri was 
introduced, 
1) Materials 

The same cells as used in the above tn-vitro experiment were used. 
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2) Culture medium 

The same culture media as used in the above in-vitro experiment were used in the same manner. 

3) Procedures 

<3el H was prepared by enclosing 1 cells of RSFinsf ur in the g^l. whjch was then laminated with RSK 
cells of the same number. Gels I and J were prepared by introducing polygly colic acid (PGA) meshes (Davis 
+ Geek, Manati, PR) cut to a circular forrn of 15 cni and 26 cm in diameter, respectively, intp the gels si- 
multaneously with the endosuns of RSFirisf ur cbils of the sanie nurnbec. The gel. was then laminated with 
RSK. The structure of these Gels is shown in Table 9. 
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table 9 



Gel 


Cells in. the gel 


Material, in the gel 


Cells on the gel 


Gel H 


RSFinsfur(N^l6«) 


None 


RSK {N=10«) 


Gell 


RSFirisf ur (N=lb«) 


PGA mesh 15nrvn in dia. 


RSK {N=106) 


Gel J 


RSFInsfur (N=106) 


PGA mesh 25mm in dia. 


RSK (N=10«): 
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These Gels^'were cultured-^t 37*C in a 2 rril culture iriiedium, respectively. Culture medium. was re> 
placed with neW one every or every other day. The Gels were rinsed three limeis on the 8th day of culture 
with culture medium, and the culture mediuin was replaced with new one; The Gels were further cultured 
for 8 hours in the new medium."A smalt quantity (50 ^tl) of culttire nriedium was sampled during the period 
to mieasure the lRI value in the culture medium with insulin EIA. 
4) Results 

The reisults of tKis^ experiment ate ^hown in Table 10. The Gels I and J containing both meshes and 
cells and further laininated with RSK cells .v^creted a sijgriific^ntly greater quantity of insulin than Gel H 
which contained only cells in diid on the jgel. It is thus confirmed that the presence of mash in the gel is 
effective for increasing the secretion of insulin from the ceils. 
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Table 10 



Secretion of insulin from Gels to culture medium 



Cumulative IRI value (plU/gel) 





1 hour \ 2 hours 

, — : i i 


4 hours ' : 


8 hours 


Gel H (N=4) 


0.8 1 2.4 1 


4.1 


7.5 


1.61 3.3 


3-5 


6.7 


1 « : 1 — : ! 1 

1.61 2.5 


3.5 


5.0 


1 ■ ■■■ 1 1 

\ 0.8 i 0,8 


4,1 


4.1 


Gell 


1 1 1 

■ • 

! 8.4 1 8.4 

1 1 1 


21.9 


37,1 


GelJ 


• • 

9.3 i 15.4 

1 1 — 


30.3 


47.6 

1 



• In-vivo Experiment ' 

50 Insulin producing cell-endosed gel was transplanted to model diabetic animals to evaluate effects of the 

hybrid gel transplantation by measuring the weight and blood sugar level of the animals. 

1) Experiment animals 

200 mg/kg of streptozotpcin was intraperitoneally administered to the Balb/c nude mice (7-week old. 
male) at twice in two days to induce the high blood sugar condition. The experiment was started after con- 
55 firming that the mice showed a high blood sugar levels. 

2) Materials 

Three types of rat skin-derived cell lines were used. 
(1) RSF 

11 



EP 0 679 402 A2 

(2) RSFinsfur. 

(3) RSK 

3) Method for preparing Geis (artificial skin)^ 

RSFinsfur ceils of 3 x 10^ were iencio^ed in collagen gel and RSK cells of the same number were lam- 
inated on the surface of said gel to prepare Gel K. 3 x10^ cells of RSF were enclosed in collagen gel and 
RSK cells of the same number were larninated on the Surface of said gel to prepare Gel L. The structure 
of these Gels is surnm^rized in Table. 11. 



table 11 



Gel 


pells in the gel 


Cells on the gel 


GelK 


RSFinsfur (N=3x 106) 


RSk(N=3x106) 


Gel L 


RSF(N-3x106) 


RSK (N=3x106) 



4) Procedures 

The skin at the back of the model diabetic animals was cut iaway in the form of a circle of approxirnately 
11 mm in diameter, and Gel K, cultured for 8 c}ays af^er preparation ^nd contracted tp approxirnately 10 
mm iri diameter, was tran;5|^anted,to the naked area on the animals. Gel L with^cdts not transduced with 
gene was transplanted in the si^me. manner for control. After transplantation, the.vyeight of the anlrnals 
. was measured and approximately. 5 ^1 blood was sampled from the tail every other day to measure t)lood 
sugar level using Gultest-E. i , : \ ^ 

5) Results 

The results of this experiment are shown in Table 12. The control animals (Gel L transplanted group) 
show a decrease in the .weight and increaj^ .in the blood sugar level while three yyas a tendency that in- 
crease in the weight and decrease in the blood sugar level were observed for Gel K (containing mutant 
inisulih gene-transduced cells) transplanted group. This confirms iniiprovements in the diat>etic symptoms; 
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■ • -Table 12 

SfteetB of (?el trauhapla.h'ta.tin t^o diiekbet^ic iD:ouae 
■ I . II T I 1- • — ' — r 

5 I Bays after I 0 1 2 J 4 1 6 1 7 1 8 1 

I transplantation I . I ... I I I. I I . 

I ' 1 ' H — —-^ h- H — -—-4 — H 

I Treated group I 19,6 I 18.2 I 18.4 119.7 I 19.6 I 19.6 I 
I; (Gel K grotip) 1 181 I 119 f 126 I 230 I 335 I 288 I 

10 . f— ! 1 I i I . i .1 H 

f Cdzitrol I 19.8 I 17.5 I 18.0 I 18.0 I 18.1 I 17.8 

I group I 152 I 104 I 112 I 236 f 231 I 278 I 

I (Gel L group) h- 1 i — ^ 1 —I ^ 

I I ai.4 I 18.0 I 18.2 I 17.9 i 17.6 I 18.3 f 

I I 263 i 119 I 223 I 426 I 426 I 500 I 

t ' * : i-^ — , I • — i — I 

I ■ ■ t 1 1 i I 

I Days after 19 1 10 I 11 I 12 i 13 I 

■ I transplantation I . 1 ( I I I . 

^ I — ,^ 1 1 ^ h— 1 H 

I Treated group I 20.1 I 20.1 I 21.0 I 22.0 I 22.2 I 
I CGel K group) I 362 I 238 I 312 I 333 I 380 1 

h -4- H 1 1— 1 '■ 1 

1 CantrOl t ifi.4 I 19.0 I 19.1 I 19.5 I 19.6 I 

25 r group I ait I afiO < I ^34 l 46B i 

I (Gel L group) I • 'I • ' ' -. I — — — I -4— — — T . 
I I 17.4 I 17.4 I 18.0 t 18.3 I 18.3 I 

f I 405 I 393 r 352 I 397 I 641 I 

^ Note) Body Weight: upper 

Blood insulia level; lover 



35 Claims 7 

1. Biologically active substance-secreting hybrid gel, which consists of biologically active substance-pro- 
ducing, cells and bippolyrneric.gel. 

2. The hybrid gel of daim 1; wherein the biolbgica^ substance-producing cells are enclosed in the 
40 biopolymeric gel. 

3. The hybrid gel of claim 1^ wherein biologically active substance-producing cells are laminated on the 
blOF>olymeric gel. 

4. The hybrid gel of daim 1, wherein the biologically active substance-producing cells are laminated on 
the biopolymeric gel endosing the btolotcally active substance-producing cells. 

45 5. Biologically active substance-secreting gel. which consists of biologically active substahce-produdng 

cells, animal skin cells and biopdymeric gel. 

6. The hybrid gel of daim 5, wherein the animal skin ceils are laminated on the biopolymeric gel endosjng 
the biologically active substance-producing cells. 

7. The hybrid gel of daim 5, wherein the biologically active substance-producing cells are laminated on 
50 the biopolymeric gel endbsing the animal skin cells. 

8. The hybrid gel of daim 5, wherein the biologically active substance-producing cells and the animal skin 
cells are endosed in the bk)polymertc gel. ; 

9. The hybrid gel of dainri 5, wherein the. animal skin cells or the biologically active substance-produdng 
cells are laminated oh the biopolymeric gel endosing the animal skin cells and the bioloQically active sut>- 

55 stance-proidudng cells. 

10. The hybrid gel of claim 2, 4. 6; 8 or 9^ wherein the biologically active substance-producing cells are 
endosed in the biopolyrneric gel together with meshy material or porous membrane. 

11. The hybrid gel of any one of claims 5 through 9/wherein the endosed animal skin cells are skin fibro- 

13 



BNSDOCID: <EP 0670402A2_I_> 



10 



EP 0 679 402 A2 

blasts and the laminated animal skin cells are skin epidermal celjs. 

12 The hybrid gel of any one of claims 1 through 10, wherein the biologically active substance>producing 
ceils are cells which contains an expression vector recombnant with a P^4A sequence encoding a biologically 
active substance. 

13. The hybrid gel of claim 1 2« wherein the ibiogically active substance-producihg cells are skin f it>rok>lasts 
or skin epidermal cells which contains an expression vector recombinant with a DNA sequence encoding in- 
sulin. 

14. The hybrid gel of claim 13. wherein the expression vector is plasmid vector pBMG-neo^ins. 

15: The hybrid gel of claim 13, wherein the expression vector is piasmid vectprpRIS-proins-ff ur-llf ur-B10D. 
16. An externiai-use pi'escriptipn whose main cbmponent is the hybrid gel of any one of daim 1 through 

15. " " ' ■ ^ ■ ■ ■ ■ ^• 
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